/_\

. August 1977

The Silver Valley Lead Study:
The Relationship between Childhood Blood
Lead Levels and Environmental Exposure

Anthony J. Yankel and lan H. von Lindern

idaho Department of Heaith and Weailere

Stephen D. Walter
Yale University

- This paper is direcied 10 those persons concerned with the relstion-
‘ship between biood lead ievels and environmental exposures 10 lesd.

information presented in this pager represents one of the largest
collections of epidemiciogical data relating biood lead levels to en-
vironmentsl exposures. The obeerved annual average amblent alr
lead conceniration ranged from spproximately 0.5 ug Pb/m? 10 21
g Pb/m3, white lead in soll ranged from 50-24,800 ppm. Bleed lead
levels of chiidren (ages 1-0 years) are related (o 8 host of enviren-
montel variables via regreseion lechniques. Blood iead levels were
found 10 be most infiuenced by five veriables. Theee variables are:
ambilent air leed, soll lead, age of the child, dustiness of the home,
and occupational status of the parents. i is conciuded, based ypon
the results of this study, that any environmenial conirol sirategy should
sddress both the alr and the soll. Soll levels in excees ¢! 1000 ppm
lead as well as air lead levels greater than 2 ug PO/m?, 30 day av-
erage, were found 10 be unacceptsbie.

In early 1974, evidence of excess lead intoxication surrounding
a lead smelter in northern [daho became apparent. An ex-
tensive study of both the inhshitants and the environment of
the affected area was undertaken. Over 2000 blood lead
samples were drawn (rom children in the area and more than
50,000 pisces of allied medical and environmental data were
obtained.

In the case of human exposure to lead, a large volume of
evidence exists that relates excess levels of Ph in the blood to
adverse health effects. However, the current literature does
not adequalely address the relationship between exposures
and blood Pb ievels. It is the intent of this paper to establish
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a relationship between observed blood Ph leveils in children
and observed ambient concentrations of Ph. The existing
health standard for blood Pb levels can then be used in con-
junction with this relationship in order to establish ambient
standards for Pb. _

Environmental quality standards should be designed to
protect susceptible subgroups of the population fully. In the
case of Pb, children are both mast susceptible and are at a
higher risk. Barltrop, et al.! studied children and their
maothers living in two different towns with diflering soil Ph
concentrations. The atudy revealed thmt the blood Ph levels
of the children wereshigher than that of their mothersin both
cities. Landrigan, ¢t al.” found a strong inverse reiationship
between blood Ph levels and age amaong people living in the
same area near a smeiter in Texas. High hiood Ph levels are
a health risk to the nervoun system. The major development
of a child’s nervous system taken place during hia first four
years. This age group represents the highest risk group. Thus,
iL is imperative that any ambient lead standard be designed
to protect young children.

In order ta establish an environmental quality standard for
Ph based on maintaining normal blood P'h levels, two rela-
tionahips must be demonstrated: 1) a relationship between
adverne health effects and greater than normal hlood Ph levels;
and 2) a relationship hetween hload Ph levels and ambient Ph
levels. The relationship between adverse heailth effects and
blood Ph levels has been extensively atudied. In recent years,
the upper limit of what is considered a “normal” or acceplahle
blood lead has been decreasing. David™ has suggested an upper
level of 24.5 ug Pb/100 ml while Angie and Mcintire have
stated that the present acceptable level is no longer tenable.
However, new levels have neither been established nor gained
universal acceptance. For this reason, the established limit
of 40 ug Pb/100 mi and abave will be used as indicative of
undue Pb abseorption for the purposes of this paper. If new
medical studies demonstrats that this limit should be modi-
fied, the procedures can be simply redone for the new level.
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Method

A survey Lo ascertain the prevalence ol incressed Ph ab-
soeplion among children living near a primary Pb smeiter in
northern ldaho was taken among 1149 chiidren | to 9 years
old during August, 1974. Blood Pb samples were obtained in
conjuncuion with a series of environmental samples, social and
medical histonies, und general observations of the home en-
vicotment. A follow-up study of 781 children was conducted
in August 1975 Lo ascertain the change in blood Pb levels that
may have resuited rom altered environmental and social
conditions.

Five study areas and two control ureas were defined. T'he
live study ureas were arranged concentrically about the
smelter with AREA [ consisting of humes within | mile of the
smelter, AREA 1l within | to 2%, mi, AREA 111 within 2% te
6 mi, AREA IV within 6 to 15 mi, and AREA V within 15 to
20 mi. AREA V1 is u rural Lown 45 mi northwest of the smielter.
The principad industey in Area VI is logging, and becuuse it
hud no history of P pining activity, it was established as Lhe
primary control ares. AREA VH is a side valley to the south-
west of the smelter that had been the site of previous Pb
mining activity and can receive a small amount of stmospheric
contamupation from the smelter.

A senes ol environmental samples were collected at each
home where u blood sumple was obluined. These samples
consmisied ol compasile surlace soil, inside and oulside house
dust, inside and vutside paint, grass, and certain gurden vey-
etables. 'T'he procedure has been previously described by
Yankel and von Lindern.”

Ambient air b levels wore measured by 9 hi-volume air
samplers stationed throughout the Silver Valley. These
samplers were operuted for 24 hr every other day. Since many
of the subject children lived between monitors, it was neces-
sary to develop a model capable of predicting ambient levely
between muniturs. A highly significant relationship between
distance Irom the smelter and ambient I’b concenteation was
found. ‘The relntionship was used s estimate the ambient air
IPh level toe vanious locations in Lthe valloy.

A briel medical histury was tuken {or each child. ‘This his-
Lory consisted of age, sex, length of residence at current and

Previous uddress, history of pica, history of blood Pb Lesting,
and the occupation and education of parents. General obser-
vations were made of the home environment that included
categorizing the age of the hume, type of hume exterior, con-
dition of exterior paint, percent vegelation cover, cleanliness
of the interior home, amount of visible dust present inside the
home, and the condition of the inside paint.

"Resulls

In the August 1974 survey, 99% ol the | to 9 yr uld children
living within 1 mi of the smelter were found to have levels in
excens of 40 g P’h/100 ml. The trequency of abnormal Ph
absorption wis tound Lo decrense with increasing distance
from the smelter. Following the aniwuincement of these re.
sulty, certam emerngency messures were initialed W reduce the
risk of ’b intoxicution. These measures included: chelation
ol children over 80 ug Pb/100 mi, purchase and destruction
of a8 many homes as possible within Y% mi of the smelter, dis-
tribution of "clean” soil and gravel to cuver highly contami-
nated areas, initiation of s hygiene program in the schools, and
reduction ul umbient air Pb levels through reduction of
smelter emissions. A fulluw up survey in August 1975 revealed
that the bluod Ph fevels had decreased. Figure | shows the
percentaye ol children, by ares, who had bloud Pb levelsof 4)
s PL/100 mil or more in the August 1974 and 1975 surveys

The mean Bb levels found in the ambient air und suil de-
creaved with increusing distance frum the smelter, following
much the sume pattern as that uf blood Pb levels. The values
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Figure 1. Percent of Chuidren. by area. that had biood leed levels of 40 ug Pb/
100 Ml or over in Aug. 1874 and Aug. 1975.
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tor the ambient air ure shown in Figure 2. These values are
uverayes fur the 12 month period prior to the 1974 and 1975
surveys. Figure J shows the mean soil value, by area, found in
the two surveys. Tap water was sampled for Pb and found to
be within established standards. .

Correlation cueflicients were run for all environmental and
madical variables fur euch child in the 1974 survey. Blood Pb
levels must clusely correlate with the ambient air Pb (r = 0.74)
almd suil Ph {r = 0.54). A currelution matrix is shown in Table

Muitiple regression unalysis of all the August 1974 and 1975
data indicutes that 5 fuctors significantly (p < 0.0001) in-
Nuenced the probubility of  child experiencing an excess
blood Pb level:

BB Aususi 1974
B Aveust 1975
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Mean snnusl ambeent au lead level (wg/m3)
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Figwe 2. Annusi ambient ar lsad CONCENTILON, by area, prics 10 e August
1974 and August 1078 surveys.
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. Ambient air lead concentration.

Lead concentration of the soil.

. Age of the child.

. The cleaniiness of the home.

. The occupation of the parent as defined by Hollings-
head.©

Other variables were examined. Most were non-significant
in explaining blood Pb levels. Lead levels in inside paint were
found to have a slightly negative correlation with blood Pb
levels. Sex was found to have no significant effect. Pica was
found to have a slight correlation with blood Pb. However,
because sampling bias was evident among the interviewers,
the resulits concerning pica are questionable. Two variables
describing the occupation of the head of the household were
considered. One was the place of employment and the other,
the Hollingshead® occupational variable. Both were of similar
significance and had nearly the same effect when added to the
regreasion equation. The Hollingshead® variable was selected
for use in the final regression model because it was more in-
dicative of social status and because the employment variable
was poorly distributed geographically.
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Figure 3. Aversge surface soll, by ares. for sach child tested in the 1874 and

1975 surveys.

Discussion

The ambient air Pb level is the strongest independent
variable in describing blood Pb levels. It is evident that the
air Pb level is the factor that most contributes to excess ab-
sorption in this study. Air exposure alone explains 55% of the
varianee in blood Pb levels.

The soil Pb level was also a highly significant variable. Air
and soil Pb together explain 58% of the variance in blood Pb
levels. Barltrop’ studied 2 year old children living in several
areas with low ambient air Pb concentration (mean monthly
averages from 0.28 to 0.34 ug Pb/m3). The study groups were
divided accueding to soil Ph concentration: <100 ug/g, <10,000
ug/g, and >10,000 ug/g. The resultant mean for each group
showed a geometric mean blocd Pb from 20.7 ug Pb/100 mi
in the low 30il Pb group, to 29 ug Pb/100 ml in the high il Pb
group. The data suggest that although a definite relationship
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Table 1. Correlations (simpic) hetween {0t (hinod lcad) and five
indcpendent vanables, 1974 dawa. N = 879)

IR House
(Blood  dusn- (xcu-
l.ecad) ness Soil Apge pation Air

Ln
(Blood Lead) 1.00 021 0,54 -0.16 0.14 0.74
House

dustiness 1.00 0.18 a.01 0.27 0.03
Soil 1.00 -0.05 0.08 0.52
Age 100 -0.02 -0.07
Occupation 1.00 0.03
Air 1.00

exists, soil Pb levels alone, within the wide range studied,
would not greatly influence the probability that a child would
have a blood Pb level greater than 40 ug Ph/100 mi.
Although air Ph levels are the moat significant factor in
explaining excess blood Ph levels, it is not correct Lo attribute
the total effect to direct inhalation. Another source of expo-
sure to Pb is house dust that can resuit from air and soil con-
tamination. Landrigan, et al.? measured the concentration
of Pb in air, soil, house dust, and blood near a smeiter in El
Paso, Texas. In the area of greatest exposure he found a sig-
nificant relationship (p < 0.05) for blood Ph levels versus soil
Pb and a highly significant reiationship (p < 0.0001) for blood
Pb levels versus house dust Ph. Lepow, et al.* has measured
the concentration of Pb in household dust and soil as weil as
the concentration and amount of Ph found on the hands of 22
children. After observing these children during normai play,
Lepow stated, It is quite possible for a young child who is
frequently putting his hands in his mouth during play, ina
heavily leaded environment, to ingest excessive quantities of
lead and accumulate an increased body burden of lead.”
The importance of air, soil, and house dust as sources of
exposure to ambient Pb suggest the following model.

Bilood lead

Sod Dust

The importance of house dust as a route of exposure is
supported by the other factors found Lo influence the proba-
bility of a child having an excess blood Ph level. The role of
Ph in dust depends on both the concentration of the Pb and
the availability of the dust. Each home that was visited in this
study was judged as to the amount of dust available. The acale
was simply clean, moderate, or dusty. This variable was found
to be quite significant in explaining the variance in blood Pb
levels. Table Il shows the mean blood Pb level by area and
home dustiness. Blood Pb levels are significantly higher in the
dirtier homes in areas subject to high ambient exposures.

The concentration of Pb in house dust sampies obtained
from vacuum cleaner bags did not significantly correlate with
blood leads. Little importance, however, is attached to this
result. This sampling technique provides for little quality
control. Nearly haif the homes in the study had no vacuum
cleaners or samples were not available. The amounts of ex-
tranecus material in the samples also varied greatly. This
made consiatent laboratory analyses quite difficult.
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Table 1. Obsceved mean oiood lead level bused upon arca and
ceanbness ol haine (ug Pb/100 mi).

Arca Clean home Muderate home Dirty home
Arcal 3y 67 77
Arca ll 44 50 52
Asca il 33 36 33
Nica IV 30 RR] 9
AYTORY 26 3 S
Ava Vi 20 22 22

Arca Vil 206 34 39

Age also tends to play a modifying role with regards tu a
child’s bloud Pb level. As demonstrated by Table I11, the mean
blood Pb levels for children follow the same age-dependent
pattern in all areas. The blood Pb levels of the children gen-
erally decrease with age. This decrease curresponds with re-
duced mouthing sctivity in vider children. A notable exception
w0 this trend can be consistently found in the | yaar olds where
reduced maobility, and thus reduced uceess Lo P, may tend
1o plav n nhifving roln. Acvounting {or this incoasistcy in
1he sonsdysan oof Hhe dhatas did siot conualt 10 o wignsdicnnt chinge
in the resultn.

‘The occupational status of the parent, us defined by Hol-
lingshead % was aiso fuund to play a inudifying role on the
bluod Pb level of children. This variable is cunsidered to be
an indicator of social status, and, as such, may reflect personal
hygiene to sume extent.

Multiple regression analysis was performed in order to
obtain the best data fit fur the 5 variables cited above. The
model shown below is based upon analysis of Areas I-VI for
the 1974 data set. (n = 879, R? = 0.62, p <0.0001). Area VII
was not included because the air Pb leveis could not be accu-
rately predicted.

La(#Pb) = 4.1 4+ 0.041(A) + 2.1 X 107(S)
+ 0.087(D) — 0.018(Y) + 0.024(£)

where BPb = bloud lead level—ug Pb/100 mli
A = ambient air lead—ug Pb/m?
S = wil leand—ppm
Y = child's uge—years
D = dustiness of home—integer (U, 1, or 2)
E = Hollingshead® occupational variable—dimension-
less

By assuming selected values for the independent variables,
this model can be used Lo predict the mean bloud levels of a
subject population. ‘Table 1V shuws the predicted mean blood
Pb level for children assuming typical values for the non-
source (modifier) variables. (Age = 5, muderately clean homie,
and average occupation.)

In the development of environmental health criteria, it is
important Lo cunsider the dose-response relationship of a
subject population. The duse-response relationship of this
population can be seen in ‘Table 1V. That relutionship is log-
arithmic, u une unit increase in air exposure (g Pb/m?) will
result in more severe increases in blood Pb levels as exposures

Table L1, Geometne mean blood lead levels tor 1974,

and blood Pb levels increase. In this study, the catio of blood
Pb increase per unit air Pb exposure increase was 1.1:1 at U-1
ug Pb/m? air Pb exposure and increased to 2.1:1 at the highest
expoaure levels (17-18 ug Pb/m?).

It is important to remember that these numbers represent
the mean dose-response relationship of the population. Some
individuals will respond leas severely, others more severely.
Those that respond more severely represent the mast sus-
ceptible portion of a population. It is thuse individuals that
are of greatesL concern in establishing health protection
standards. Some method of considering the dose-respunse
relationship of these most susceptible persons must be de-

veloped.

Table IV. Predicied mean blood lead level tor various air and soil
exposures using typical values for non-source vanables (age = 5
years, home cleanliness ® |, and occupation = 4),

Soil (ppm Lead)
A -
ug P! 500 1000 5000
| 2u.7 270 9.3
2 21 28.1 0.5
3 290 29.3 Sl
4 30.2 30.3 33.1
5 1.5 1.8 34.5

Methods demonstrated by Schubert, et al.?can be used to -~

quantify this dose-response relationship. They suggest that
any population subjected to uniform exposure of a trace sle-
ment will exhibit a response that is log-normally distributed.
Moreuver, those distributions in populations subjected o
different ranges of expusure will exhibit the same geometric
standard devialion. Analyses of the data in this study show

that the blood Pb levels follow a log-normal distribution for -

all areas and that all areas exhibit nearly the same geometric
standard deviation. The geometric means and standard de-
viations are given in Table V.

The log normal distribution hawthe following characteris-
ticw: -

Mg-Sg" = Dn

where:
Mg = geometric mean blood lead level
Sg = geometric standard deviation
n = the number of standard deviations
Dn = values of the blood lead at n standard deviations.

This equation can be used Lo show that the duse-respunse
ratio at +n standard deviations will be 5g* times the mean
response. In that way, the duse-response relationship can be
quantified at uny percentile uf the population.

However, what is most important tu those concerned with
standard setting is the percentage of the population that will

Age Group
Arca i 2 3 + 5 6 7 1 9 ‘Teenage Adult
t 59 72 15 1% 64 66 & 60 87 9 LY I
1] 50 51 55 46 49 50 47 42 40 1] 1]
HT 33 %% 36 L1 35 $5 L1 32 32 28 30
I\ 31 35 L7 31 si 35 30 32 30 84
v 27 43 29 s ) 29 0 25 27 24 82
vi 2 25 22 23 20 ] 20 22 17
Vit 2 30 2 2 0 26 87 W0 20 35 82
768 Journal of the Air Poliution Control Association



CHAT T TS A ™ICe It a0 LT 4 mised cad data.

Children 1Aug 74) Tecnagers (Oct 74)  Adults (Oct 74)

. Area BPb Sg n BPb Sg n BPb SR n
I 656 1.33 179 343 126 20 37.7 1.32 &3
i 474 130 204 333 1.23 38 326 1.3% 192
m 338 126 193 279 140 24 297 1.3% 49
iV 323 1.29 168 l 5
vV 276 1.33 198 0 3
VI 210 1.32 92 0 [}
vVII 303 1.25 40 346 1.31 14 323 1.30 42

-
—

exceed a particular blood Ph level. The characteristics of the
log-normal distribution can be used to determine that pes-
centage directly. Specifically, for any given mean blood Pb
level, the percentage of the population that will have blood
Pb levels exceeding 40 ug/100 mi can be determined.

For this atudy, S¢ was found to have a value of 1.3, In is the
maximum permissive blood Ph level (40 ug/100 ml), and Mg
is determined by the regression model. Selected values for My
are found in Table IV. By substituting these selected values
of Mg and solving for “n"" in the above equation, the number
of standard deviations hetween the mean and 40 ug Ph/100
mi can be determined.

Using standard statistical tables, the value of “n" can be
used to determine the percentage of the population predicted
to have blood Pb levels in excess of 40 ug Pb/100 ml. These
percentages are found in Table VI and correspond to the mean
blood Pb levels found in Table 1V.

Table VI. Percent of children expected to exceed a blood lead
level of 40 ug Ph/100 mi (or various air and soil exposiures using
typical valucs {or non-souree variables (age 3 5 years, honw:
clcanbness = 1, and occupation = 4).

Sail (ppm .cad)

Air

ug Pb/m? 500 1000 5000
1 6 7 12
2 .} 9 1%
3 ] 12 19
4 14 15 24
5 I8 19 29
‘Conciusions

‘e WO apuE . e .-

This study and others show that excean amhient air ’h
levels can result in ahnormal absorption in both children and
adults. [t seems that the mechanisms of absorption differ
greatly hetween the two groups. Children represent the
highest risk group and standard setting shouid be addressed
to them. The total impact of ambient air contamination on
children is due to both their physiological characteristica and
habits. Normal childhood habita include the active ingestion
of amail amounts of soils and dust that contain particulate
deposited by polluted air. Any environmental control strategy
devised for Ph should take into account all routes of exposure
that significantly contribute to excess Ph shaorption. The
strategy must not only address the lungs of the child, but the
environment in which he lives. In this study, five factom (air,
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were :dentified as intluencing oicoa Ph absarpuion. Two ol
those factors, air and soil contamination, can he regulated by
environmental control. The other factors cannot be controlled
by regulations.

When setting a standard. a subjective decision must be
made as to what percentage of the population should he al-
lowed to exceed the 40 ug Pb/100 mi level. A second decision
must be made as Lo what combination of air and 20il limita-
tions shall be applied to achieve that end. Based on the results
of this study, it is apparent that soil levels in excess of 1000
ppm Pb or air levels in excess of 2 ug Ph/m*, ;0 day average,
will result in excessive percentages of children exceeding the
40 ug Pb/100 mi blood Pb standard.
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